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Introduction
Colorectal cancer is a major public health problem in developed world. In 2012, it was the third most common cancer in the world with 1.4 million new cases and was responsible for 8.5% of all cancer-related deaths. 1 In Slovenia, the average incidence of colorectal cancer in the period 2009-2013 was 1,569 cases per year. Incidence rate was higher in men (92.4/100,000) than in women (60.8/100,000). It was the third most common cancer and was responsible for 13 .6% of all cancer-related deaths. 2 In 2003, Council of the European Union proposed to member states to introduce a population based organised screening programme for three cancer sites (colorectum, cervix and breast) and thus reduce the burden caused by the disease. 3 The implementation of organized population colorectal cancer screening proved to reduce the mortality successfully. Using a guaiac screening test, the colorectal cancer mortality in apparently healthy population with moderate risk was reduced by 15.0 to 33.0%. [4] [5] [6] European Guidelines for Quality Assurance in Colorectal Cancer Screening and Diagnosis recommend faecal occult blood test as a screening test. 7 It does not have a diagnostic characteristic in detecting colorectal neoplasms, since any intestinal bleeding can result in positive test. 7, 8 Therefore, colonoscopy is recommended as a diagnostic method for detecting premalignant and early stage cancers after positive screening tests. 7, 8 Next to positive effects, screening also has some negative effects for the screenees if the test result is false positive or false negative. 3 A good screening test should have a small number of false positive results and, even more important, a small number of false negative results in those who already have cancer. 4 Experience show that in colorectal cancer screening programmes the so-called interval cancers are detected after negative screening tests. 7, 9 As published definitions of interval cancer differ, it is difficult to compare results of different studies. A group of experts has been working on the recommended definitions of interval cancer after a negative screening test and after colonoscopy or any other comparable diagnostic test. 7 International working group has developed a nomenclature for the definition and description of interval cancers in colorectal cancer screening programme. 10 Interval cancer rarely appears in previously healthy intestinal mucosa in the period between two screening tests. Most probably screening test misses some neoplasms. 10, 11 The proportion of interval cancers is an important performance indicator of the screening programme and it reflects the test sensitivity (false negative) as well as the incidence of newly detected cancers which were not present during the screening. 7, 11 According to the European guidelines, the data on the incidence of interval cancers should be collected and reported, which enables the monitoring of programme effectiveness. 7 More frequent incidence of colorectal cancer in men, in older people and in persons with lower socio-economic status is reflected in screen detected cancers, whereas there is no uniform conclusion regarding the characteristics of interval cancer incidence. These findings can contribute to the adaptation of screening programmes to groups at higher risk for interval cancer. 1, 2, [11] [12] [13] In 2008, a colorectal cancer screening pilot project confirmed the feasibility of planned procedures as well as the effectiveness of cancer detection in early stages with the organized population screening in Slovenia.
14 In April 2009, a national colorectal cancer screening programme named Programme Svit, started in Slovenia. 15 Each programme screening round lasts for two years. In first three screening rounds, the target group included men and women aged 50 to 69 years. Since 2015, the upper age limit of target population is set to 74 years. 15 In our study, we analysed the data on interval cancers after negative result of faecal immunochemical test in Slovenian colorectal cancer screening programme. The data on interval cancers are important for the assessment of screening test sensitivity. The aim of the analysis was to assess the incidence and characteristics of interval cancers in colorectal cancer screening programme as well as the characteristics of the affected population, and to compare them to screen detected cancers and cancers in non-responders. Data on interval cancers after follow-up colonoscopy without detected cancer were not available yet in Slovenian colorectal cancer screening programme and were not the topic of this article.
Patients and methods

Population and research design
The study population represent the total target population of the colorectal cancer screening programme in Slovenia at the time being. People were invited in the second programme screening round, which lasted from April 2011 until December 2012. We divided the cohort into three groups, namely non-responders which did not respond to the invitation or returned the test kit, test positive population, and test negative population. We followed-up all groups for two years and extracted records of their new colorectal cancers from Cancer Registry of Republic of Slovenia. For the study purpose, we obtained the data on cancers detected during the follow-up period until the end of incidence year 2014 from cancer registry in 2017. This ensured the time, in which the cancer registry was able to identify cancers detected within and out of the screening programme and to obtain all the necessary data. Demographic data of the followed-up population (name, family name, date of birth, address of residence) were obtained from Central Population Registry. To calculate the follow-up time in personyears we obtained the data on deceased persons in all three groups from Causes of Deaths Database of the National Institute of Public Health.
The data on the educational attainment of cancer cases patient were obtained from the Republic of Slovenia Statistical Office database. Educational attainment was converted into two groups, whereby less and up to including 9 years of schooling represents primary school, 10 or more years of schooling represents vocational or secondary school, higher educational level and all subsequent levels.
The data on faecal immunochemical tests, colonoscopies results and the characteristics of screen detected cancers were obtained from national central colorectal cancer screening registry. The data on interval and non-responders' cancer cases were obtained from the cancer registry.
The invitation and screening test
The population, aged 50 to 69 years, which was invited into the second programme screening round, received the invitation to participate in the screening programme. Persons, who have decided to participate and have returned the signed consent, received test kits for two stool samples unless they had self-reported permanent and temporary exclusion criteria. Exclusion criteria for the participation in screening programme are described in Slovene guidelines for colorectal cancer screening quality assurance. 16 Permanent exclusion criteria group included persons with (i) chronic inflammatory bowel disease; (ii) adenoma; and (iii) colorectal cancer diagnosed prior to entering the screening programme.
Persons, who have undergone a colonoscopy procedure in the past three years and the above mentioned pathology was not detected, were included in the group with temporary exclusion criteria and were again invited for screening in the next programme screening round.
At first, a qualitative immunochemical test for faecal occult blood (MagStream HT, Fujirebio, Japan) was used as a screening test. After the new public tender for screening test supply the quantitative immunochemical test (OC -Sensor, Eiken Chemical Co, Tokyo, Japan) has been used since 2011. The latter test enables the measurement of haemoglobin quantity in the stool sample, which was not possible with the qualitative test indicating only positive or negative result. We used two stool samples in each test kit from the start of the screening programme. Positive result in quantitative test meant that haemoglobin value in one of two stool samples was higher than 20 μg Hb/g of stool or higher than 100 ng Hb/mL of buffer. Among the study population, which has performed a screening test, 23.9% of persons had a qualitative test and 76.1% performed a quantitative test.
Screening test results
Persons with negative screening test received the test results with an explanation that specimen samples did not exceed the haemoglobin cut-off value and that they do not need additional tests, but have to be aware of new symptoms.
Persons with positive test results were referred to the colonoscopy. Colonoscopies were performed in average in 42 days after the stool samples analysis. In some cases, the colonoscopy date was postponed due to patient's health condition or his/her wish to undergo the colonoscopy in a particular colonoscopy centre, where waiting period was longer.
Colorectal cancer cases classification according to detection mode
In order to identify the cancer cases among the study population we linked individual data with cancer registry data based on the uniform identification number. For all three cancer detection mode groups (screen detected, interval cancers after negative faecal screening tests, non-responders' cancers), we used the cancer registry to obtain the data on cancer TNM stage, cancer site, histological type and diagnosis date.
Cancer cases, who had negative faecal screening test and a colorectal cancer diagnosis in cancer registry, were classified as patients with interval cancer. Cancer diagnosis date was between the date of stool sample testing and the date of the next foreseen screening or before new invitation to the next screening round.
Cancer cases, who had positive screening test, with a lesion detected and histologically confirmed as cancer were classified as screen detected cancer. In screen detected cancer group two subgroups of patients were followed. In the first subgroup, colonoscopy was performed within the screening programme. In the second subgroup, cancer was detected with colonoscopy outside the screening programme after positive immunochemical test in the screening programme and cancer diagnosis date registered in cancer registry was inside six months from positive test in the screening.
Cancer cases, who did not respond to the invitation or did not supply the stool samples, were classified as non-responder cancer patients. They had colorectal cancer diagnosis in cancer registry. The diagnosis date was between the date of the sent invitation or test kit and the date of invitation to the next screening round.
Cases, which were detected between caecum and splenic flexure (according to ICD-10, codes C180-C185, except C181), were classified as proximal colorectal cancers. Cases, detected in and between descendent colon and rectum (ICD-10 codes C186-C20), were classified as cancers in the left (distal) part of the colorectum.
The analysis included cancer cases with histological diagnosis according to International classification of diseases for oncology with codes 8010/3 to 8580/3. 17 The following neoplasms were also detected in colorectum; but were not included in the analysis: neoplasms without microscopic confirmation, lymphomas, 8124/3-Cloacogenic carcinoma, 8240/3-Carcinoid tumour, NOS, 8249/3-Atypical carcinoid tumour and 8936/3-Gastrointestinal stromal sarcoma. 
Ethical aspects of the research
Statistical analysis
We used Pearson Chi-Square Test to calculate statistically significant differences among groups of patients with screen detected cancers, interval cancers and non-responder cancers as well as the characteristics of detected cancers. The proportion of interval cancers after negative screening test was calculated by the division of the number of interval cancers with the sum of interval and screen detected cancers. To assess the screening test sensitivity, we used the proportional incidence method. [18] [19] [20] Screening test sensitivity was calculated using the following equation: {1 -((α * I screen ) / (I under -(1-α) * I non-screen ))} * 100. Cancer incidence was expressed at 100,000 personyears. [18] [19] [20] The a in the formula represents the proportion of screened persons, I screen represents the incidence of interval cancers detected after the negative screening test, I under represents the incidence of colorectal cancers in the population aged 50 to 69 years prior to the introduction of the screening programme, and I non-screen represents the incidence of non-responder colorectal cancers. The statistical significance level was set to p < 0.05. For data analysis, we used SPSS statistical programme package, version 21.0 for Windows.
Results
From April 2011 to December 2012, we mailed 502,488 invitations for participation in the screening to target population individuals aged 50 to 69 years, out of which 49.7% were men and 50.3% were women. 12.7% of them were newly invited to the screening programme and 87.3% were invited Invited to screening -invitations delivered n = 500,516
Responders to invitation n = 289,070 Non-responders to invitation n = 211,446
Test kits delivered n = 266,645 Non-responders to test kit n = 13,897
Participants with test results n = 251,948
Negative screening tests n = 236,801
Positive screening tests n = 15,147
Interval cancers n = 79 Screen detected cancers n = 493
Cancers in non-responders n = 395 for the second time. 500,516 (99.6%) invitations were delivered. As many as 289,070 (57.8%) persons have responded to the invitations (Figure 1 Table 1 shows the characteristics of study population and detected cancers in case of interval, screen detected and non-responders' cancers. Among 502,488 persons invited for screening, 493 cancers were detected after positive screening test followed by colonoscopy, 79 interval cancers after negative faecal immunochemical test and 395 in non-responders.
Out of 493 screen detected cancer patients, 467 had colonoscopy in one of the appointed centres and 26 outside the screening program. The analysis showed that 88 (17.8%) screen detected cancer cases were diagnosed because of the positive result of the second stool sample, whereas the first stool sample test result was negative. Among nonresponders with diagnosed cancer, 374 persons did not respond to the invitation into the screening programme, while 21 persons responded to the invitation but did not return the test kit.
Among the persons with interval cancer, 57 were provided with a quantitative faecal immunochemical test, which enables the measurement of haemoglobin value in the stool sample. In 43 (75.4%) study persons with interval cancer after the negative quantitative test, the haemoglobin value was between 0.0 and 50 ng Hb/mL of buffer, among them there was no trace of haemoglobin (0.0 ng Hb/mL buffer) in none of the stool samples in 14 persons.
Among the persons with positive test result, the cancer was significantly more often detected in men (p = 0.009) and in persons aged 60+ years (p < 0.001). The results were similar in interval cancers after the negative screening test and in nonresponders' cancers, where there were also significantly more cancer cases in men (p = 0.001 and p < 0.001) and in persons aged 60+ years (p < 0.001 and p < 0.001). In the comparison between interval cancers and screen detected cancers, there were no differences in cancer incidence according to gender and age groups. Among the interval cancer patients, there were significantly more persons, who had 10 years or more of schooling. In screen detected cancer patients, there were more persons with less than 10 years of schooling (p = 0.029). Screen detected cancers were significantly more frequent in the left part of the colon, while interval cancers were more frequent in the right part of the colon (p < 0.001). In screen detected cases more cancers were in stage I (p < 0.001), whereas in interval cancers more were in stage III (p = 0.027) and stage IV (p < 0.001).
In the comparison between interval cancers and non-responders' cancers, there was no difference in cancer incidence according to gender and age groups. Among the interval cancer patients, more persons had 10 years of schooling or more, while among the non-responder cancer patients there were more persons with less than 10 years of schooling (p = 0.001). Non-responders' cancers were more frequent in the left part of the colon, while interval cancers were more frequent in the right part of the colon (p < 0.001). In interval cancers compared to non-responders' cancers more were detected in stage I (p = 0.004).
In the comparison between screen detected cancers and non-responders' cancers, there was no difference according to gender or age groups. Among the non-responder cancer patients, there were more persons with less than 10 years of schooling, compared to screen detected cancer patients, where there were more persons with 10 years of schooling or more (p = 0.001). Cancers in both groups were more frequent in the left part of the colon, but there was no significant difference in comparison with the right part of the colon. In screen detected cancers more were in stage I (p < 0.001), whereas more non-responder cancers were in stage II (p = 0.016) and IV (p < 0.001).
The proportion of interval cancers among cancers detected in second screening round was 13.8%, which means 79 interval cancers after the negative screening test according to the sum of screen detected and interval cancers (493 + 79). The test sensitivity of faecal immunochemical test used for colorectal cancer screening was 88.45% (Figure 2 ).
Discussion
The analysis represents the first evaluation of the Slovenian colorectal cancer screening programme focused on assessing the incidence and the characteristics of interval cancers after the negative faecal immunochemical screening test, the characteristics of patients with interval cancer, and the comparison of interval cancers with screen detected cancers and cancers in non-responders.
The proportion of interval cancers detected after negative faecal immunochemical screening test was 13.8%. It has somewhat differed in published studies possibly due to different types of immunochemical tests used, different cut-off values set for test positivity, and the number of required stool samples. In Slovenia, two stool samples are required. In research by Zorzi et al., the proportion of interval cancers after the negative screening test was 12% 13 , in research by Zappa et al., the proportion was 11% 21 , in Netherlands 23% 22 and in Basque Country (Spain), the proportion was 6.8% 23 . Slovenian data can be compared with data, published in research by Zorzi et al. 13 and with data from Basque Country in Spain 23 , because the same type of immunochemical tests and the same cut-off value for positive test were used. Despite the fact that in Slovenia two stool samples are used in the screening programme, the proportion of interval cancers is similar to Zorzi et al. research. 13 On six screen detected cancers, one case of interval cancer after negative faecal immunochemical test was detected in Slovenian screening programme, which is less than elsewhere.
22
It has been reported that the screened population is at lower risk of colorectal cancer than the general population. 20, 24 This was associated with a healthier lifestyle, greater attention to symptoms and signs of possible diseases and higher participation rate in the screening programme. 20, 24 In test sensitivity calculation it would be therefore inappropriate to use the general underlying incidence rates to estimate the expected cancers in the screened population (selection bias). [18] [19] [20] That is why we used proportional incidence method to calculate test sensitivity. It includes proportion of screened persons, incidence of interval cancers detected after the negative screening test, incidence 118.96 -(1-0.528) x 89.68 } x 100 FIGURE 2. Test sensitivity adjusted for selection bias according to the proportional incidence method formula.
of colorectal cancers in the population prior to the introduction of the screening programme and incidence of non-responders' colorectal cancers.
The test sensitivity of the faecal immunochemical screening test was 88.45%. Test sensitivity in other screening programmes rated between 77.0% and 87.0%. 13, 21, 22, 25 Proportional incidence method with the consideration of selection bias was used in Slovenia and in research by Zorzi et al. 13 In the latter, test sensitivity was 79.3%; taking into account that only one stool sample was used in a screening episode, while in Slovenia, two stool samples were tested. The age of target population was the same in both programmes. Despite the similar scope of the target population, Zorzi et al. 13 reported more detected interval cancers. The use of two stool samples in our research might contributed to higher test sensitivity. Most likely, the proportion of cancers which could be detected as interval cancers, were already detected in the screening process, because of the positive second sample test result, which added 88 screen detected cancers, and this equals to 17.8% of all screen detected cancers.
The present data analysis on detected cancers has, similarly as researches in Italy, Spain, Scotland and Netherlands, confirmed that screen detected cancers are statistically more often detected in lower, more favourable stages (TNM stage I) compared to interval cancers or non-responders' detected cancers. In the latter, more cancers were detected in stages III and IV. 13, 22, 23, 25, 26 Promising finding that interval cancers are more frequently detected in stage I than non responders' cancers deserves further research.
As we expected, results of our study showed that there are significant differences between cancer sites in the colorectum according to detection mode. Significantly more screen detected and non-responders' cancers were detected in the left part of the colon, while more interval cancers were detected in the right part of the colon. This is in accordance with findings in researches by Portillo et al. 23 , Steele et al. 26 , Morris et al. 27 , and Gill et al.. 28 In Italy 13 , there were no differences in the sites of interval cancers. In Netherlands' research, more cancers (interval, screen detected and nonresponders') were detected in the left part of the colon 22 , and in Spanish research, interval cancers, compared to screen detected cancers, were more frequently detected in the rectum 25 . Differences in cancer site within the colorectum were observed across different studies. 11, 13, 26, 27 Possible explanation for this is that the screening test is being less effective at detecting right sided cancers in comparison with left sided lesions. 11, 13, 27 Haemoglobin from right sided colon lesions has longer time available to degrade when passing the colorectum and more false negative results may appear for right sided cancers. 11, 27 All three groups of cancer cases in our study (screen detected, interval and non-responders'), Table 1 , did not differ significantly according to gender or age group; in general, cancers were more frequent among older people (aged 60+) and males. Similar results were found in Netherlands and in Spain. 22, 23, 25 However, in two studies, where they used guaiac test (in Scotland and in Finland), proportion of interval cancers was higher in women compared to men. 11, 29 In order to estimate the influence of person's socio-economic status on cancer incidence, the income or person's education or the deprivation category of the neighbourhood in which this person lives is used. Socio-economic status was not an important factor for interval, non-responder or screen detected cancer in some studies. 22, 23, 28 In research by Steele et al. 26 , significantly more interval and screen detected cancers were found in people living in less deprived surroundings compared to non-responders' detected cancers. This confirms the fact that persons with good socio-economic status are more responsively joining the screening programme. In our research, we used the educational attainment expressed in years of schooling as the socio-economic status indicator and it proved as significant for different mode of cancer detection. Persons with 10 or more years of schooling had significantly more interval and screen detected cancers. Impact of education on screen detected cancer group can be interpreted in the same way as impact of neighbourhood deprivation index of the study in Scotland. Among Slovenian non-responders cancer patients there is significantly more persons with less than 10 years of schooling.
In one fourth of interval cancer patients with negative quantitative screening test, the presence of haemoglobin was not detected at the time of two stool samples analysis (the value of haemoglobin was 0.0 ng Hb/mL). This confirms the fact that some cancers would be missed regardless of cut-off value for positive test result. Similar as in research by Barnett KN et al. 30 , we find that it is important to empower and inform people that in spite of the negative screening test, cancer can appear; therefore, they need to carefully monitor the symptoms, which indicate that diseases processes can be developing in the colon and rectum, which demand immediate visit to the general practitioner. 30 The data of Slovenian and Scottish researches show that most persons with interval cancer had much lower haemoglobin value in stool samples, which were analysed prior to cancer diagnosis, as was set as cut-off value for positive screen test result. The cut-off value for positive screening test result in Slovenian research was the value of haemoglobin higher than 100 ng Hb/mL of buffer in at least one of two stool samples, while in Digby et al. 31 , the cutoff value was set at 400 ng Hb/mL of buffer.
As an advantage of our research, we should mention that in Slovenia we have population based national cancer registry with good quality data, from where we obtained the data on interval cancers and non-responders' cancers, as well as the cancer incidence prior to the introduction of screening. This enabled the calculation of test sensitivity following the proportional incidence method while considering the selection bias. Personal identification number enabled individual linkage of screening with cancer incidence data.
The limitation of screening registry at the time of the study is that it does not have legally guaranteed access to data on exclusion criteria in target population and it, therefore, has to rely on patients' self-reported data on colorectal diseases, which can sometimes be unreliable. It is possible that symptomatic persons who were already in diagnostic procedure, attended for screening. If colonoscopies after the positive immunochemical test in the screening were performed outside the screening programme, it depended on patients themselves if they forwarded the colonoscopy results to the screening registry. 7.8% of people with positive faecal immunochemical test did not undergo a colonoscopy inside the screening programme, but some of them have undergone a colonoscopy outside the screening programme. We could not estimate for how many of them we were not able to obtain the colonoscopy results with premalignant or non-malignant findings. From cancer registry only cancer cases are available.
Conclusions
The proportion of interval cancers after immunochemical faecal occult blood test in Slovenian colorectal cancer screening programme is similar to other programmes in Europe. Test sensitivity for immunochemical faecal test is among the highest when compared to similar programmes, which can be attributed to the analysis of two stool samples. Even the lowering of cut-off value for positive test result to the lowest noticeable value would not eliminate the interval cancers, because they are sometimes found in persons where there were no trace of faecal blood.
Important differences in stages and sites of detected cancers among interval, screen detected and non-responders' cancers are found. There are differences in socio-economic status of persons, in which cancer was detected as interval or screen detected, as well as in those, which were diagnosed with cancer without responding to the screening. In latter, there are characteristically more persons with lower education. Due to the more frequent diagnoses of cancer in higher stages among non-responders, there is a need for better awareness raising among the target population on the fact that participation in the screening programme enables early detection of cancer or its prevention.
